Objectives: In this study, we investigated the prevalence of tick-borne encephalitis virus (TBEV) in ixodid ticks from various regions of the Republic of Korea (ROK) during 2011e2012 to identify whether TBEV is circulating and to determine the endemic regions of TBEV. Methods: We examined for the presence of RNA of TBEV by reverse transcriptase-nested polymerase chain reaction (RT-nested PCR) using ixodid ticks captured in 25 localities of 10 provinces. Ticks were collected by the flagging and dragging method or using sentinel BG traps at forests, grass thickets, and grassland. A total of 13,053 ticks belonging to two genera and four species were collected and pooled (1292 pools), according to collection site, species of tick, and developmental stage. Results: Among 1292 pools, the envelope (E) protein gene of TBEV was detected using RT-nested PCR in 10 pools (3 pools of the 1,331 adult ticks and 7 pools of the 11,169 nymph ticks) collected from Gangwon-do province, Jeonrabuk-do province, and Jeju Island. The minimum infection rates for TBEV of Haemaphysalis longicornis, Haemaphysalis flava, and Ixodes nipponensis were 0.06%, 0.17%, and 2.38%, respectively. Phylogenetic analysis based on the partial E protein gene was performed to identify relationships between the TBEV strains. This showed that 10 Korean strains clustered with the Western subtype.
Introduction
Ixodid ticks transmit a number of zoonotic pathogens, such as Borrelia burgdorferi [1] , Batonella [2] , Ehrlichia and Anaplasma [3, 4] , Rickettsia [5] , and tick-borne encephalitis virus (TBEV) [6] to mammalian hosts. As the causative agent of tick-borne encephalitis (TBE), TBEV is a member of the family Flaviviridae and genus Flavivirus, and one of the most important human infections of the central nervous system [7] . TBE occurs in endemic areas of the Eurasian continents, including Europe, Russia, and Far-Eastern Asia (China and Japan), and has a significant impact on public health in these endemic regions [8] . So far, TBEV has been subdivided into three subtypes: the Far-Eastern subtype, known as Russian spring summer encephalitis virus; the Western or European subtype, known as Central European encephalitis virus; and the Siberian subtype based on phylogenetic analysis [8, 9] . The main tick vector of the Western subtype is Ixodes ricinus, and Ixodes persulcatus is the main vector for the other subtypes [10, 11] . TBEV is transmitted by tick bite and is maintained in the zoonotic transmission cycle between ixodid ticks and wild vertebrate hosts, such as wild and domestic mammals, birds, and reptiles.
In the Republic of Korea (ROK), although TBE infections have not been reported among humans, we have identified molecular evidence of TBEV infections in infesting ticks of the wild animals or collected ticks such as Haemaphysalis longicornis, Haemaphysalis flava, Haemaphysalis japonica, and Ixodes niponensis, which previously had not been known as TBEV vectors, and have isolated TBEV from lung tissues of the wild rodent, Apodemus agrarius [12, 13] . However, unlike our expectation, Korean isolates were identified as the Western subtype of TBEV by sequence and phylogenetic analyses compared with other TBEV strains from neighboring countries, including China, Japan, and northeastern Russia that belong to the Far-Eastern subtype [12, 13] .
In this study, we investigated the prevalence of TBEV in ixodid ticks from various regions of the ROK using sensitive reverse transcriptase-nested polymerase chain reaction (RT-nested PCR) method to identify whether TBEV is circulating and to determine the endemic regions of TBEV.
Materials and Methods

Collection of ixodid ticks
Ixodid ticks surveys were performed by the flagging and dragging method or using sentinel BG traps in various sites, including grass thicket, grassland, and broad-leaved and coniferous forests in 25 localities of 10 provinces of the ROK during 2011e2012. Figure 1 represents the geographical locations of the collection sites. After collection, ticks were placed in plastic tubes and transported to the medical entomology laboratory of Korea National Institute of Health, where they were identified according to their species and developmental stages under a dissecting microscope according to the classification method of Yamaguti et al [14] . Identified ticks were stored at 4 C until further investigation.
Tick processing and RNA extraction
A total of 13,053 identified ticks were pooled according to species, developmental stage, and locality. The size of pools ranged from 1 to 50 in larvae, from 1 to 30 in nymphs, and from 1 to 5 in adult males or females ( Table 1 ). All the pooled ticks were homogenized using Precellys 24 homogenizer (Bertin Technologies, Montigny, Bretonneux, France) with a tissue lysis buffer in RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany) and 2.8 mm stainless-steel beads. The homogenate was centrifuged at 10,000 rpm for 
Reverse transcriptase-nested polymerase chain reaction
To examine for the presence of TBEV envelope (E) gene, the one-step RT-PCR was carried out using a Maxime RT-PCR PreMix kit (iNtRON Biotechnology, Gyeonggi, Korea) with previously described primers, TBE-913F (5 0 -TGCACACAYYTGGAAAA CAGGGA-3 0 ) and TBE-1738R (5 0 -TGGCCACTTTT CAGGTGGTACTTG-3 0 ) [15] . The one-step RT-PCR reaction was performed in a PCR thermal cycler (GeneAmp PCR system 9700, Applied Biosystems, Foster City, CA, USA) under the following conditions: 30 minutes at 45 C for reverse transcription and 5 minutes at 94 C for denaturation as the initial step, followed by 25 cycles of 30 seconds at 94 C, 30 seconds at 52 C, and 1 minute at 72 C, and a final extension step of 5 minutes at 72 C. Nested PCR was carried out using an i-StarMaster Mix PCR kit (iNtRON Biotechnology) with previously designed primers, TBE-1192F (5 0 -CAGAGTGATCGAGGCTGGGGYAA-3 0 ) and TBE-1669R (5 0 -AACACTCCAGTCTGGTCTC CRAGGTTGTA-3 0 ) [15] . The nested PCR reaction consisted of an initial denaturation step of 2 minutes at 94 C, followed by 30 cycles of 20 seconds at 94 C, 10 seconds at 62 C, and 20 seconds at 68 C, and a final extension step of 5 minutes at 72 C. To confirm the PCR products, we analyzed them by agarose gel electrophoresis, stained with SYBR safe DNA gel stain (Invitrogen, Carlsbad, CA, USA).
Sequencing and phylogenetic analysis
The TBEV-positive products of RT-nested PCR were purified using a QIAquick gel extraction kit (Qiagen GmbH) according to the manufacturer's instructions and sequenced using ABI Prism BigDye terminator cycle sequencing kits and ABI 3730xl sequencer (Applied Biosystems) at Solgent Inc. (Daejeon, Korea). Results of sequencing were assembled using the SeqMan program implemented in DNASTAR software (version 5.0.6; DNASTAR Inc., Madison, WI, USA) to determine the consensus sequences. The TBEV strains used for phylogenetic analysis are listed in Table 2 ; multiple sequence alignments were performed using Clustal W implemented in MEGA software version 5 [16] . Phylogenetic analysis was performed using MEGA software version 5 by the maximum likelihood method. The sequences obtained from TBEV-positive products were submitted to GenBank (accession numbers JX282515eJX282524). Prevalence of TBEV in ixodid ticks 215 3. Results
Numbers and identification of ixodid ticks
A total of 13,053 ticks (553 larvae, 11,169 nymphs, 337 males, and 994 females) were collected from 2011 to 2012 in 25 localities of the ROK (Table 1 and Figure 1 ). The ixodid tick samples were identified to belong to four species in two genera: H. longicornis, H. flava, I. niponensis, and I. persulcatus. Of the identified ticks, H. longicornis (90.8%, 11,856/ 13,053) was the most abundant species in this study, followed by H. flava (8.8%, 1149/13,053), I. niponensis (0.3%, 42/13,053), and I. persulcatus (0.05%, 6/13,053).
Prevalence of TBEV in ixodid ticks
Of the 13,053 ixodid tick samples, 10 pools were positive for TBEV according to RT-nested PCR method. Among the 10 positive pools, three pools of the adult ticks and seven of the nymph ticks were collected from Gunsan in Jeollabuk-do province, Chuncheon or Sokcho in Gangwon-do province, and Jeju in Jeju Island. Regional prevalence of TBEV for each species was shown in Table 3 . The minimum infection rate (MIR, calculated with the assumption that a positive pool contains one infected tick) of TBEV in H. longicornis, H. flava, and Ixodes nipponensis was 0.06%, 0.17%, and 2.38%, respectively (Table 1) . Although H. longicornis was the most common species collected in this study, its positive rates of TBEV was lower than that of other species.
The highest MIR of TBEV infection was identified in I. nipponensis collected from Sokcho in Gangwon-do province (5.26%). In the other localities, the MIR of infected ticks varied from 0% to 1.33%. The highest rate of TBEV infection was identified in I. nipponensis nymph (4.35%). The infection rates in males (0.30%) were higher than those in females (0.20%) and nymph (0.06%). The mean TBEV prevalence in 25 collection sites was about 0.08%. 265, KorVec12-1131, KorVec12-1138, KorVec12-1152, KorVec12-1195, KorVec12-1200, and KorVec12-1217) identified in this study belong to the Western subtype. An envelope gene-based phylogenetic tree was divided into three distinct groups such as Far-Eastern, Siberian, and Western subtypes and it was also shown that the 10 Korean strains belonged to the same subgroup as the Western subtype, as shown in Figure 2. 
Discussion
So far, TBEV vectors have been reported in 10 species of three genera (I. ricinus, I. persulcatus, Ixodes hexagonus, Ixodes arboricola, Ixodes ovatus, Haemaphysalis punctata, Haemaphysalis concinna, Haemaphysalis inermis, Dermacentor marginatus, and Dermacentor reticulatus) [17, 18] . Among the known vectors, the total distribution of five species of TBEV vector (I. persulcatus, I. ovatus, Haemaphysalis concinna, D. marginatus, and D. reticulatus) in the ROK have been reported [19] . In our previous study, we suggested that TBE might exist in the ROK based on the following evidence. First, there was molecular evidence of TBEV infection in mammalian hosts and in potential vector ticks (H. longicornis, H. flava, H. japonica, and I. nipponensis) collected from the ROK [12, 13, 20] , although these ticks had not been previously reported as TBEV vectors. Second, we reported on the isolation and identification of five TBEV strains from lung tissue homogenates of wild rodents captured in the ROK using in vitro and in vivo experiments [12] . Contrary to our expectations, the sequence comparisons and phylogenetic analyses based on the complete E gene or fullgenome of TBEV Korean isolates compared with other TBEV strains indicated that all the five Korean strains belonged to the Western subtype [21, 22] .
Based on this evidence, we carried out more extensive survey throughout the ROK for the prevalence of TBEV in ixodid ticks from various localities to identify whether TBEV is circulating and to determine the endemic areas of TBEV. A total of 13,053 ticks were divided into 1292 pools to identify for TBEV by RTnested PCR method, which detected 10 TBEV-positive pools. Sequence and phylogenetic analyses based on the envelope gene sequence revealed that the 10 Korean strains from infected ticks in this study belonged to the Western subtype, in accordance with our previous results.
The principal tick vector of the Western subtype of TBEV is I. ricinus [8] , but in this study, it is reasonable to suppose that H. longicornis, H. flava, and I. nipponensis serve as the potential vectors of TBEV in the ROK. Until recently, the molecular evidence of TBEV infection was identified in ixodid ticks collected from Yangpyeong or Dongducheon in Gyeonggi-do province, Pyeongchang or Jeongseon in Gangwon-do province, and Jeju Island [13, 20] . In this study, ixodid ticks such as H. longicornis, H. flava, and I. nipponensis collected from Gunsan in Jeollabuk-do province, Chuncheon or Sokcho in Gangwon-do province, and Jeju in Jeju Island were identified according to the molecular evidence of TBEV infection. These results indicated that TBEV may be endemic in these localities of the ROK and H. longicornis, H. flava, and I. nipponensis may be potential vectors of the TBEV Western subtype, combined with previous findings. However, in order to prove these points, isolation of TBEV from infected vectors and characterization of TBEV isolates will be required.
In summary, we found that TBEV-infected ticks have been distributed in some localities of the ROK. These results emphasize the need for further epidemiological research of TBEV and preventive measures against the occurrence of TBE in the ROK.
